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Dµ = ∂µ − ieAµ
Aµ Aµ















µ− → e− + ν¯e + νµ ν¯e νµ
GF
GF = 1.16637(1)×10−5 GeV−2
e ν µ τ
χL = (ν, e)L







2(cV − cAγ5)uν ](W−)µ
}
= gχ¯γµτ
∓χ(W±)µ cV = cA = 1.
V − A V
A
(1 − γ5) W±µ
g
























Aµ = Bµ cos θW +W
3
µ sin θW
Zµ = −Bµ sin θW +W 3µ cos θW .
e



































νeR νµR ντR 0























uR cR tR +2/3














































W Z MW MZ
mW = 81
+5
−3 GeV mW = 80
+10
−6














= cos θW .












mZ = 91.1874± 0.0021 GeV.
Measurement Fit |Omeas−Ofit|/σmeas
0 1 2 3
0 1 2 3
∆αhad(mZ)(5) 0.02758 ± 0.00035 0.02768
mZ [GeV] 91.1875 ± 0.0021 91.1874
ΓZ [GeV] 2.4952 ± 0.0023 2.4959
σhad [nb]
0 41.540 ± 0.037 41.478
Rl 20.767 ± 0.025 20.742
Afb
0,l 0.01714 ± 0.00095 0.01645
Al(Pτ) 0.1465 ± 0.0032 0.1481
Rb 0.21629 ± 0.00066 0.21579
Rc 0.1721 ± 0.0030 0.1723
Afb
0,b 0.0992 ± 0.0016 0.1038
Afb
0,c 0.0707 ± 0.0035 0.0742
Ab 0.923 ± 0.020 0.935
Ac 0.670 ± 0.027 0.668
Al(SLD) 0.1513 ± 0.0021 0.1481
sin2θeff
lept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV] 80.399 ± 0.023 80.379
ΓW [GeV] 2.098 ± 0.048 2.092
mt [GeV] 173.1 ± 1.3 173.2
August 2009
χ2


























































ALR = Al = 0.1513± 0.0021
sin2 θlept.eff.








e+e− → W+W− WW
W W
mW = 80.376± 0.033 GeV.














































p CC (prel.)+H1 e
p CC (prel.)-H1 e
p CC 06-07 (prel.)+ZEUS e
p CC 04-06-ZEUS e
p CC (HERAPDF 1.0)+SM e
p CC (HERAPDF 1.0)-SM e
p NC (prel.)+H1 e
p NC (prel.)-H1 e
p NC 06-07 (prel.)+ZEUS e
p NC 05-06-ZEUS e
p NC (HERAPDF 1.0)+SM e





















 > 400 GeV2Q





H1 HERA II (prel.)
H1 HERA I





































150 < Q2 < 15000
αs(mZ) = 0.1168± 0.0007(exp.)+0.0046−0.0030(th.)± 0.0016
H1 and ZEUS
x = 0.00005, i=21
x = 0.00008, i=20
x = 0.00013, i=19
x = 0.00020, i=18
x = 0.00032, i=17
x = 0.0005, i=16
x = 0.0008, i=15
x = 0.0013, i=14
x = 0.0020, i=13
x = 0.0032, i=12
x = 0.005, i=11
x = 0.008, i=10
x = 0.013, i=9
x = 0.02, i=8
x = 0.032, i=7
x = 0.05, i=6
x = 0.08, i=5
x = 0.13, i=4
x = 0.18, i=3
x = 0.25, i=2
x = 0.40, i=1
































αs(mZ) = 0.1176 ± 0.0020




















 = 10 GeV2Q





 from Jet Cross Sections in DISsα    










 < 100 GeV2H1 data for 5 < Q
2
 > 150 GeV2H1 data for Q
                     
PDF uncertainty⊕Theory
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mt = 173.1± 1.3 GeV
 (GeV)topM


















-1DØ Run IIb Preliminary, L=2.6 fb 
t
W



























mW = 80.399± 0.023 GeV






GN ≈ 10−38 GeV−2
ΛP ≈ 1019 GeV
•








φ(x) → φ′(x) = φ(x)eiα(x), φ⋆(x) → φ′⋆(x) = φ⋆(x)e−iα(x).
∂µ Dµ =
∂µ − ieAµ




V(φ) = µ2|φ(x)|2 + λ|φ(x)|4
λ > 0
µ2 µ2 > 0






























V(φ) = µ2|φ(x)|2 + λ|φ(x)|4 λ > 0

















































− vλ(σ3 + ση2)− 1
4






















2 (complex scalar field)











v ≈ (v + σ(x))(1 + iη(x)
v
)











(v + σ(x))eiη(x)/v and thus

































































φ+ = (φ1 + iφ2)/
√
2






























































































































2(2λ5 + λ6 tan




















β + 2λ6sβcβ + λ5s
2





−(λ3 + λ4)sβcβ + λ6c2β + λ7s2β λ2s2β + 2λ7sβcβ + λ5c2β
)












(M211 −M222)2 + 4(M212)2
cos 2α =
M211 −M212√
(M211 −M222)2 + 4(M212)2
• α
• tanβ














, Mγ = 0
α β
W± sin(β − α) cos(β − α)
Z sin(β − α) cos(β − α)
cosα/sinβ sinα/ sinβ cotβ
sinα/cosβ cosα/ cosβ tanβ
























Qα|fα >= |B > Qα|B >= |fα >










































































s gV e gAe
Z λ2b = (1 −m2H/s −m2Z/s)2 − 4m2Hm2Z/s2
√






































σ ∼ m−2V log(s/mH)





mH ! 1000 GeV WW √













JP = 0− Z
(1 + cos2 θ)
mH
mH
mH ≈ 100 GeV
θcos


















e+e− → HZ cosθ
mH = 120 GeV
sin2 θ Z√
s≫ mZ














NC NC = 1 NC = 3
H →
V V V = W Z












δW = 2 δZ = 1 mH
WZ
e+e− → Z∗ → hZ(HZ)















2 θ + 8m2Z/s e
+e− → Z∗ → hZ(HZ) ,







mH ≤ 1.2 TeV
Z





































Λ mt = 175GeV
λλ
Λ = 1019 GeV






























mh > 114.4 GeV
150 ! mH ! 180 GeV
H → WW
mH
x · σSM σSM











































































































































































 = 1825 mmECALra)



















B = 3.5 Tesla b)


















































X0 = 3.5 mm RM = 9mm





































16000  / ndf 
2χ
 17.64 / 32
Prob   0.9812
p0       
 11.13± −96.25 
p1       
 0.4802± 266.5 
α  
 96.25 
β     
CALICE 2006 data
 (GeV)beamE



















































9  / ndf 2χ  1.835 / 6
p0       
p1       ±
CALICE 2006  data
Monte Carlo
 30.69 / 32
s  
 0.14± 16.53 
c  



















φ = atan(yˆ/zˆ), θ = atan(xˆ/zˆ).
(106± 2)/
√
E ⊕ (4± 1) mrad
(100± 2)/
√







































−0.058± 0.003 0.281± 0.002
Pad ID






























5.930± 0.003 0.330± 0.002
−0.058 ± 0.003 ADCCounts
0.281± 0.002 ADCCounts
5.930±0.003 ADCCounts
0.330 ± 0.002 ADCCounts
47.61± 0.02 ADCCounts 0.77%
Hit Energy (50 ADC counts)










































































































1.21±0.01 ADCCounts 0.67±0.01 ADCCounts
•
Pad ID











































































































xi, yi zi Ei
Etot








18 × 18 cm2 5.5 × 5.5 mm2
2× 2 16× 16
18 × 18 cm2
n× dW [mm] 10× 1.4 + 10× 2.8 + 10× 4.2 20× 2.1 + 9× 4.2
X0 24 23








































1.6 × 2.3 mm2



































































































































































































































































































































































Scan 1: Mean in Signal Events
Scanpoint





















Scan 1: Mean in Pedestal Events
Scanpoint


















































Scan 1: RMS in Signal Events
Scanpoint





















Scan 1: RMS in Pedestal Events
Scanpoint













































Scan 2: Mean in Signal Events
Scanpoint





















Scan 2: Mean in Pedestal Events
Scanpoint


















































Scan 2: RMS in Signal Events
Scanpoint





















Scan 2: RMS in Pedestal Events
Scanpoint













































Scan 3: Mean in Signal Events
Scanpoint





















Scan 3: Mean in Pedestal Events
Scanpoint


















































Scan 3: RMS in Signal Events
Scanpoint





















Scan 3: RMS in Pedestal Events
Scanpoint













































Scan 4: Mean in Signal Events
Scanpoint





















Scan 4: Mean in Pedestal Events
Scanpoint


















































Scan 4: RMS in Signal Events
Scanpoint





















Scan 4: RMS in Pedestal Events
Scanpoint

































R Pe− = −80% Pe+ = +30%
e−Re
+












































EECAL/Etotal < 0.5 > 0.6





















































|<0.78θ vs. P, for |cos2P/P∆
∆P/P 2 cos θ ∆P/P 2
∆P/P 2 cos θ P
| cos θ| < 0.78
∆P/P 2
θcos



































|<0.78θ vs. P, for |cos2P/P∆
∆P/P 2 cos θ ∆P/P 2
| cos θ|
∆P/P 2 P
• | cos θ| < 0.78 ∆P/P 2 P
δ(1/P ) = ∆P/P 2 = a⊕b/P = c(P ); with a = 2.5×10−5 GeV−1 and b = 8×10−4.
δ(1/P ) > 2c(P )






80 < Mdl < 100 GeV
115 < Mrecoil < 150 GeV
• e+e−
Z∗
acop acop = |φℓ+ − φℓ− | φℓ±
0.2 < acop < 3
• PTdl
PTdl > 20 GeV











∆PTbal. > 10 GeV
 (GeV)γTP















µµ of ISR Photon, γT vs. PTdlP
 (GeV)γTP
























































Nadd.TK = 2 µµX
µµ




PTdl acol = acos(Pℓ+Pℓ−/|Pℓ+ ||Pℓ− |)
115 <
Mrecoil < 150 GeV
dlθcos












































































































































































































































































s = 250GeV fb−1
σHZ Z
115 < mH < 150 GeV






s = 230 GeV
Z






























































e+e− → hZ → hµµ
HZ
e+e−
e+e− → ZH
e+e−
√
s ≈
